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(54) Adaptive non-mechanical antenna for microwave links

(57) A microwave communication system compris-
ing a remote station, a phased array antenna (2), phase
shifters (Ψ1 to ΨN) and a software unit (5), wherein the
phased array antenna (2) is emitting a microwave signal
beam, wherein the phased array antenna (2) is pointing
the beam in a direction of alignment with the remote sta-
tion, wherein the received signal level at the remote sta-

tion is maximum in the direction of alignment, wherein
the phase shifters (Ψ1 to ΨN) are connected to the an-
tenna (2), wherein the software unit (5) is connected to
the phase shifters (Ψ1 to ΨN), wherein the system com-
prises first means to detect an antenna (2) misalignment,
wherein said first means to detect an antenna (2) mis-
alignment are connected to the software unit (5).
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Description

[0001] The invention concerns in general the domain
of fixed microwave links. More peculiarly, the invention
concerns the fixed-microwave links including a phased
array antenna which may be subjected to mechanical
angular vibrations induced, for instance, by climatic con-
ditions.

Background

[0002] Fixed microwave links constitute one of the key
elements of the new generations of mobile networks.
These networks offer high capacities to the end users
and then high capacities typically within the range of one
gigabit per second (Gbps) have to be carried over the
fixed microwave links used for the mobile network back-
haul.
[0003] A microwave link is, as known in the art, a
means for exchanging electromagnetic energy carrying
information, along a propagation channel, between a lo-
cal station and a remote station. Each station of the link
is typically equipped with a non-mechanical antenna
pointing system.
[0004] A non-mechanical antenna pointing system is
for instance, a software controlled phased array antenna.
[0005] A phased array antenna (PAA) can be defined,
as a complex antenna constituted of an array of several
elementary antennas related in phase for the emission
or the reception of electromagnetic signals. A phased
array antenna can emit a beam or receive a signal with
a directional sensitivity.
[0006] It is well known in the art that maximizing the
level of energy transmitted between a local antenna and
a remote station forming a microwave link is desirable to
maximize the bandwidth of the link or channel, and thus
the amount of information carried over the link.
[0007] For new generations of mobile networks, high
bandwidth channels superior or equal to two hundred
and fifty megahertz ( ≥ 250 MHz ) are so required to carry
out such capacities and the availability of such channel
is possible in radio-frequency bands, situated in the mil-
limetric waves domain or waves having a wavelength in
the millimeter range: V-band (60 GHz) and E-band (70 -
80 GHz).

Summary

[0008] For these radio-frequency bands, one of the
main issues during communication over a microwave link
is to maintain the local antenna pointing or alignment with
the remote station, in order to maximize the received sig-
nal level at remote station.
[0009] In particular, due to high density networks, the
use of street lighting poles would be highly desirable to
deploy massively fixed millimetric waves links for the
backhaul network linked to a single remote station.
[0010] However such poles are sensitive to wind pres-

sure and change in shape in case of windy conditions.
This results in an antenna misalignment with the remote
station to which is transmitted the electromagnetic ener-
gy in the millimetric wavelengths domain.
[0011] This effect is due to the presence of a mast in
these poles which can be defined as a mechanical sup-
port to which the antenna is fixed, such support being
sufficiently long in such poles to be sensitive enough to
wind pressure or climatic conditions, to induce a detect-
able loss of electromagnetic energy level at the remote
station location to which the antenna sends electrome-
chanical energy.
[0012] The mechanical change of the shape of a mast
or pole equipped with an antenna under windy conditions
is not only a static change inducing a rotation of the an-
tenna about the three axis of an orthonormal coordinate
system OXYZ which is constant with time and can be
compensated for when installing the antenna. The ran-
dom nature of the wind pressure on the pole induces
indeed, a dynamic change of the angular position of the
antenna due to mast rotation and torsion around the pole
axis. In an orthonormal set of coordinates Oxyz defined
for the antenna at rest or with null wind pressure, Oz
being the direction of the remote station of a microwave
link and Oxy being the plane of the antenna, the move-
ments of the antenna of relevance for the channel quality
can be summed up by a first angle of rotation of the an-
tenna around the Ox axis or roll and by a second angle
of rotation of the antenna around the Oy axis or pitch. By
convention, for a pole extending from the earth to the
sky, the Ox axis is directed vertically from sky to earth
and the Oz axis is directed from the antenna of the link
of interest to the remote station of this link. In such a set,
the Oy axis is deduced by the vector product or cross
product of a unitary vector collinear with Oz with a unitary
vector collinear with Ox.
[0013] As the vibrations or dynamic variations of the
roll angle around the axis X of Oxyz and of the pitch angle
around the axis Y of OXYZ is of random nature, they
cannot be compensated for when installing the antenna,
by a rough mechanical orientation of the pole or of the
antenna.
[0014] This technical problem of dynamic vibrations of
antennas disposed on street lighting poles, is further em-
powered by the necessity to avoid, in the millimetric
waves domain, the electromagnetic absorption of obsta-
cles present in city streets. This consideration leads gen-
erally to fix the antenna to the highest part of the mast of
a street lighting pole, in order to avoid, for instance, the
absorption of trees. The problem of wind pressure influ-
ence on the pole and on the angular spatial position of
the antenna born by the pole is so critical in the art, for
high bandwidth channels.
[0015] As a result, the compensation of the dynamic
random vibrations in roll angle and pitch angle of an an-
tenna installed on a pole is a difficult problem in the art
prior to the invention.
[0016] Consequently wind pressure, or random air tur-
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bulences, is expected, in the art, to induce, for an antenna
on an outdoor pole, a dynamic misalignment and a var-
iable degradation of the received signal quality at the
remote station of a microwave link, that severely limit the
use of such antenna for high bandwidth communication
channels. Therefore in the known systems it is a typical
practice to avoid deploying, at low cost, high bandwidth
microwave channels on such outdoor media or on any
mechanical component subject to mechanical vibration.
[0017] In particular, the application of an antenna on a
street lighting pole cannot easily be considered in the art
for a high bandwidth microwave link, without encounter-
ing a loss of bandwidth, or reduction of the fade margin,
of the communication channel between the antenna and
the remote station forming the link.
[0018] The aim of the solution presented here is to
maintain the antenna beam steered on a desired direc-
tion (remote station) and maintain the received signal
level at the remote station such that the degradation of
the fade margin in case of windy conditions is avoided.
[0019] Within this context, the disclosure concerns:
[0020] According to some embodiments, a microwave
communication system comprising a phased array an-
tenna (2), a plurality of phase shifters (Ψ1, ..., ΨN) con-
nected t the phased array antenna and a software unit
(5) connected to the phase shifters, wherein the phased
array antenna is configured for emitting a microwave sig-
nal beam in a direction of alignment with a remote station,
the system comprising first means configured for detect-
ing a misalignment in the antenna and communicating
information on antenna misalignment to the software unit,
wherein the software unit is configured to compute, using
said information on antenna misalignment, phase steps
and apply said phase steps to said phase shifters to com-
pensate for the misalignment.
[0021] According to some specific embodiments said
first means to detect an antenna misalignment comprise
a three-axis accelerometer device (6) configured for
measuring a roll angle and a pitch angle of the phased
array antenna.
[0022] According to some specific embodiments said
first means to detect an antenna misalignment is config-
ured to establish a data link (9) between a remote station
and the software unit, said data link providing information
from the remote station, representative of the quality of
the received signal, to the software unit.
[0023] According to some specific embodiments said
provided remote station information includes the level of
received signal.
[0024] According to some embodiments there is pro-
vided, a method for aligning an antenna, comprising the
following steps:

- detecting a misalignment of a phased array antenna
from a direction of alignment;

- computing, using a software unit, phase steps use-
able for compensating said misalignment;

- and applying the phase steps, to a plurality of phase
shifters, to steer a signal beam of the phased array
antenna on said direction of alignment.

[0025] According to some specific embodiments the
method further comprises the step of measuring a roll
angle and a pitch angle of the phased array antenna using
a three-axis accelerometer device (6).
[0026] According to some specific embodiments the
method further comprises the step of establishing a data
link (9) between a remote station and the software unit,
said data link providing information from the remote sta-
tion, representative of the quality of the received signal,
to the software unit.
[0027] According to some specific embodiments said
provided remote station information includes the level of
received signal.

Brief Description of the Drawings

[0028] The embodiments of the disclosure will be de-
scribed in reference to the list of figures below where:

- Fig. 1 shows a first embodiment of the invention, in
a plane XOZ, in which the means to detect a mis-
alignment of a phased array antenna (2) and a re-
mote station (not represented) include a three axis
(3D) accelerometer device (6).

- Fig. 2 shows a second embodiment of the disclosure,
in a plane XOZ, in which the means to detect a mis-
alignment of a phased array antenna (2) and a re-
mote station (not represented) include a data link (9)
from the remote station to provide a software unit (5)
with information about the alignment status of the
antenna (2) and the remote station, as the dynamic
or real-time level of signal received from the antenna
(2) by the remote station.

- Fig.3 indicates the roll (around X) angle and pitch
(around Y) angle name conventions in an orthonor-
mal set of coordinates OXYZ.

[0029] Detailed Description In a first embodiment of
the disclosure and in reference to figure 1, the system of
the disclosure includes a local transceiver (1) emitting
microwave radiation to a remote station connected to a
backhaul network.
[0030] The transceiver (1) is composed of:

- a phased array antenna (2),

- a radiofrequency (RF) signal splitter (3),

- Modem/RF boards (4),

- a local software unit (5) with computation capability,
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- a three-axis accelerometer (6) connected to the soft-
ware unit by a data path and

- phase shifters (Ψ1 to ΨN), disposed on signal lines
(L1 to LN) connecting the splitter to the antenna(2),
and connected to the software unit (5) by command
lines (C1 to CN).

[0031] The software unit (5) includes:

- second means to detect an antenna(2) misalign-
ment, which are here means (7) for analyzing angu-
lar information about the station, such information
being provided by the accelerometer device (6)
about such misalignment, via the data path, and

- third means for applying phase shift steps (8) to the
phase shifters (Ψ1 to ΨN).

[0032] The accelerometer device (6) is here connected
to the second means via the data path. The second
means are connected to the third means. The third means
are connected to the phase shifters (Ψ1 to ΨN) via the
command lines (C1 to CN).
[0033] In such a local transceiver architecture, the mo-
dem/RF boards (4) supply a signal to the RF splitter (3)
which sends the signal on signal lines (L1 to LN) refer-
enced individually by Li where "i" is an index varying from
1 to N, N being a natural integer strictly superior to one.
Each line Li is connected to an element "Ei" of the phased
array antenna(2) and the conjugated emission of the Ei
elementary emitters (E1 to EN) forms a radiation pattern
of the whole transceiver in a direction of emission aligned
with a remote station.
[0034] In addition, on each line Li, a phase shifter "Ψi"
is disposed in series on the line. Each phase shifter Ψi
is also connected to the software unit via a command line
"Ci" which enables the software unit to impose a phase
shift to the elementary signal transmitted to the antenna
(2) via the signal line Li, by means of the phase shifter Ψi.
[0035] The RF signal splitter (3) is connected to the
Modem radiofrequency boards (MODEM/RF boards)(4).
The splitter(3) is disposed between the modem(4) and
the lines Li (L1 to LN). The signal splitter (3) is able to
transmit the modem signal to the signal lines Li (L1 to
LN) with a constant relative phase difference when the
phase shifters (Ψ1 to ΨN) are not active. This results in
a radiation pattern outside the antenna(2) which includes
several lobes including a main lobe directed in a specific
spatial direction defining the pointing direction of the an-
tenna beam or signal beam of the transceiver.
[0036] During its installation, the antenna (2) is tuned
to maximize the receiving signal at the remote station by
mechanical means well known in the art. As a result, at
the end of the installation, the antenna (2) and the local
transceiver (1) point roughly in the direction of the remote
station as the signal beam is steered on the direction of
the station. In this starting state, the phase shifters (Ψ1

to ΨN) are not used or impose a null phase shift to the
signals on the Li lines (L1 to LN).
[0037] It has to be noticed that even though the present
document uses the term phase shift to steer the beam
signal on the remote station, the use of variable time de-
lay, using delay lines instead of phase shifters (Ψ1 to
ΨN), would be equivalent to the end of reducing the in-
vention to practice.
[0038] From the starting state, non-mechanical oper-
ation is applied to the transceiver to orientate the anten-
na(2) toward the remote station.
[0039] The direction of main emission in the starting
state being taken as an Oz axis of an orthonormal set of
coordinates Oxyz, it is then possible to define a first roll
angle of rotation of the local transceiver (1) around an
axis Ox and a second pitch angle of rotation of the local
transceiver (1) around an axis Oy. The roll angle and the
pitch angle constitute a pair of values characterizing the
misalignment of the transceiver (1) by reference to the
(0,0) roll-pitch pair of values for which the transceiver (1)
is aligned with the remote station.
[0040] In order to compensate for dynamic or temporal
variations of the direction of the signal beam of the trans-
ceiver (1) or misalignment, a three dimensions (3D) ac-
celerometer (6) is used in this embodiment, such accel-
erometer (6) being a known component which is able to
track the inertial motion of the transceiver (1).
[0041] It has to be noticed that even though the present
document uses a 3D accelerometer (6) to track the iner-
tial motion of the transceiver(1), the use of another inertial
motion sensors as a gyroscope, would be equivalent to
the end of reducing the invention to practice. More gen-
erally, provided an inertial sensor is able to track the ab-
solute variations of the roll and pitch angles of the trans-
ceiver (1) by reference to a fixed or absolute set of coor-
dinates or is able to give the absolute values of the roll
and pitch angles of the transceiver (1), such an inertial
sensor is in conformity with the teaching of the disclosure.
[0042] The information provided by the accelerometer
(6) are provided to the software unit (5), either in raw form
(accelerations) or in angular rate form (angular speed
around roll axis and angular speed around pitch axis) or
in angular form (roll angle and pitch angle).
[0043] In any case, the software unit (5) will obtain a
roll angle and a pitch angle of the signal beam. To this
end, it may detect a misalignment of the phased array
antenna (2), by reference to the direction of alignment
with the remote station corresponding to the starting
state; then it will compute phase steps "φi" to apply to the
phase shifters (Ψ1 to ΨN) to cancel said misalignment.
These phase steps may normally form a linear phase
function law φ(X,Y) in X (coordinate along Ox) and Y (co-
ordinate along Oy) which may define a plane wave sur-
face emerging from the antenna (2).
[0044] For each pair of roll and pitch values transmitted
to or calculated by the software unit (5), a phase shift law
φ’(X,Y,r,p) resulting of the roll and pitch imposed on the
transceiver (1) can be computed where φ’(X,Y, r,p) is of
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the form φ’(X,Y, r,p) = a.X + b.Y with "r" and "p" angular
variations related to the roll and pitch values in the starting
state and φ’(X,Y, 0,0) =0.
[0045] In this first embodiment, phase steps on the
phase shifters (Ψ1 to ΨN) will be computed, in order to
cancel the φ’(X,Y, r,p) = a.X + b.Y where a and b are
known constants, the φ(X,Y) phase law will so be made
equal to the opposite of the estimated law φ’(X,Y, r,p)
according to the relation φ(X,Y)= - φ’(X,Y, r,p) for each
element Ei of the antenna (2), said element Ei being of
coordinates (X=Xi,Y=Yi).
[0046] It is therefore possible to cancel the misalign-
ment of the antenna (2) and thus of the transceiver (1)
by using the roll angle and pitch angle that can be esti-
mated via of the accelerometer (6).
[0047] Obviously, in the case of a pure roll angle, a
phase law function only of Y, φ(Y)= -b.Y or in the case of
a pure pitch angle, a phase law function only of X, φ(X)=
-a.X, might be used as well.
[0048] It is therefore possible with this first embodiment
to cancel a misalignment of the transceiver (1) dynami-
cally and non-mechanically by selecting phase steps
adapted to produce a phase shift or delay of opposite
value to the one estimated to result from roll and pitch
variations of the transceiver (1), by reference to a starting
state for which a microwave signal received by a remote
station from the local transceiver (1), is considered opti-
mum.
[0049] In a second embodiment of the disclosure and
in reference to figure 2, the system of the disclosure in-
cludes again a local transceiver (1) emitting microwave
radiation to a remote station connected to a backhaul
network, the remote station being here backwardly linked
to the local transceiver (1) by a data path which is here
a data link or "Rx" Path (9) linked to the remote station
which provides a software unit (5) of the local transceiver
(1) with information about the alignment of the transceiver
(1) and the remote station.
[0050] The transceiver (1) includes:

- a phased array antenna (2),

- a radiofrequency (RF) signal splitter (3),

- Modem/RF boards (4),

- the local software unit (5) with computation capabil-
ity, and

- the data path which is the data link "Rx" path (9),
which is a communication channel between the re-
mote station and the transceiver and which is con-
nected to the software unit (5), and

- phase shifters (Ψ1 to ΨN), disposed on signal lines
(L1 to LN) connecting the splitter to the antenna, and
connected to the software unit by command lines
(C1 to CN).

[0051] The software unit (5) includes:

- second means to detect an antenna misalignment,
which are here means for analyzing remote station
information (10) about such misalignment, and

- third means for applying phase shift steps (8) to the
phase shifters (Ψ1 to ΨN).

[0052] The second means are connected to the remote
station via the data path (9). The second means are con-
nected to the third means. The third means are connected
to the phase shifters (Ψ1 to ΨN) via the command lines
(C1 to CN).
[0053] In such a remote transceiver architecture, the
modem/RF boards (4) supply a signal to the RF splitter
(3) which sends the signal on signal lines (L1 to LN) ref-
erenced individually by Li where "i" is an index varying
from 1 to N, N being a natural integer strictly superior to
one. Each line Li is connected to an element "Ei" of the
phased array antenna and the conjugated emission of
the Ei elementary emitters (L1 to LN) forms a radiation
pattern of the whole transceiver in a direction of emission
aligned with a remote station.
[0054] In addition, on each line Li, a phase shifter "Ψi"
is disposed in series on the line. Each phase shifter Ψi
is also connected to the software unit (5) via a command
line "Ci" which enables the software unit (5) to impose a
phase shift to the elementary signal transmitted to the
antenna (2) via the signal line Li, by means of the phase
shifter Ψi.
[0055] The RF signal splitter(3) is connected to the Mo-
dem radiofrequency boards (MODEM/RF boards)(4).
The splitter(3) is disposed between the modem(4) and
the lines Li (L1 to LN). The signal splitter (3) is able to
transmit the modem signal (4) to the signal lines Li (L1
to LN) with a constant relative phase difference when the
phase shifters (Ψ1 to ΨN) are not active. This results in
a radiation pattern outside the antenna(2) which includes
several lobes including a main lobe directed in a specific
spatial direction defining the pointing direction of the an-
tenna beam or signal beam of the transceiver.
[0056] During its installation, the antenna (2) is simi-
larly tuned to maximize the receiving signal at the remote
station by mechanical means well known in the art and
as an advantageous variant with information from the Rx
path (9). As a result, at the end of the installation, the
antenna (2) and the local transceiver (1) point accurately
in the direction of the remote station as the signal beam
is steered on the direction of the station. In this starting
state, the phase shifters (Ψ1 to ΨN) are not used or im-
pose a null phase shift to the signals on the Li lines (L1
to LN).
[0057] It has to be noticed again that even though the
present document uses the term phase shift to steer the
beam signal on the remote station, the use of variable
time delay, using delay lines instead of phase shifters
(Ψ1 to ΨN), would be equivalent to the end of reducing
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the disclosure to practice.
[0058] From the starting state, no mechanical opera-
tion is applied to the transceiver (1) any more to orientate
the antenna (2) toward the remote station.
[0059] The direction of main emission in the starting
state being taken as an Oz axis of an orthonormal set of
coordinates Oxyz, it is then possible to define a first roll
angle of rotation of the local transceiver (1) around an
axis Ox and a second pitch angle of rotation of the local
transceiver (1) around an axis Oy. The roll angle and the
pitch angle constitute a pair of values characterizing the
misalignment of the transceiver (1) by reference to the
(0,0) roll-pitch pair of values for which the transceiver (1)
is aligned with the remote station.
[0060] In order to compensate for static variations of
the direction of the signal beam of the transceiver (1) or
misalignment, information from the remote station is used
and collected via the Rx link (9). For instance, the level
of the received signal is transmitted to the transceiver
software unit (5) and the software unit (5) increases or
decreases by steps any phase shifter value to maximize
this level of received signal.
[0061] It has to be noticed that, if the remote station is
able to transmit a roll angle and a pitch angle of the remote
station, for instance through phase shift analysis of the
wave received from the transceiver (1), the same strategy
as in the first embodiment can be applied to align the
transceiver (1) and the remote station on the basis of the
roll angle and pitch angle sent back to the transceiver (1)
by the station. Indeed, the roll and pitch angles are de-
fined relatively between the transceiver (1) and the re-
mote station.
[0062] To reduce the disclosure to practice, it has to
be noticed that the remote station might transmit a signal
to noise ratio after demodulation instead of the level of
the received signal or, more generally any signal on the
Rx return path (9) which is representative of the quality
of the received signal at the remote station location.
[0063] As well, maximizing an Rx signal which is rep-
resentative of the quality of the received signal or mini-
mizing an Rx signal which is representative of the error
of alignment, between the transceiver (1) and the remote
station, would also be equivalent for this second embod-
iment of the disclosure.
[0064] The roll and pitch angle inducing a linear vari-
ation of the phase of plane wave form, such a maximi-
zation is ensured to converge for instance by looking sep-
arately for a value of roll which maximizes the Rx signal
fed to the transceiver by the Rx link (9), and then for a
pitch value which maximizes the Rx signal.
[0065] To this end, one will proceed for instance by
determining the sign of the roll angle and then determin-
ing the absolute value of the roll angle. Once the roll angle
determined in sign and magnitude, the same determina-
tion will be done for the pitch angle, the roll angle being
compensated for. Such a strategy is the preferred mode
for the disclosure since it implies only the maximization
of function of one variable which is a coefficient of a linear

function of a spatial coordinate.
[0066] It has to be noticed that, the determination of
both roll and pitch angles, simultaneously, might be made
as well, since the maximization of a function of two co-
efficients or parameters of a linear function of X and Y is
well known in the art.
[0067] It has to be noticed also that, any method to tilt
a plane wave, determine its phase law on the surface of
the antenna (2), apply the opposite phase law to the
phase shifters (Ψ1 to ΨN) and determine whether the
quality Rx signal increases or decreases will so be adapt-
ed to this second embodiment of the disclosure. Indeed,
such a method would be adapted to determine the best
tilt of a plane wave emitted by the phased array antenna
(2) without modem signal, in order to maximize the band-
width of the microwave link formed by the transceiver (1)
and the remote station in this second embodiment of the
disclosure.
[0068] It will be considered below that the level of the
received signal is transmitted back to the transceiver (1)
by the remote station and that this level has to be maxi-
mized.
[0069] To determine the sign of the roll angle, for in-
stance, one can choose a positive step increment in roll,
estimate the phase law on the antenna (2), apply the
opposite phase law on the phase shifters (Ψ1 to ΨN) and
verify whether the Rx signal decreases or increases. If
the signal increases, the sign of the roll value will be cho-
sen positive and if the signal decreases, the sign of the
roll value will be chosen negative.
[0070] To determine the amplitude and sign of the roll
angle, one can choose then an estimated initial value of
0 for the roll value and a positive step increment in roll
multiplied by the sign obtained previously, then one can
estimate the phase law on the antenna (2) for a current
value of roll equal to the zero plus the phase step incre-
ment, apply the opposite phase law on the phase shifters
(Ψ1 to ΨN) and verify whether the Rx signal increases
or decreases. If the signal increases, the increment in
the roll value will added to the initial value to get an up-
dated current value and the same operations will be per-
formed with an initial value becoming the updated current
value. If the signal decreases, the final value of roll will
be fixed to the last initial value of roll angle.
[0071] Once the value of the roll angle has been de-
termined, the same strategy can be used to determine
the pitch angle adding to the phase law induced by the
pitch angle, a constant phase law induced by the final
value of roll determined by the roll determination algo-
rithm above. The linear nature of the phase law induced
by roll and pitch allows such superposition of phase con-
tributions and thus the separated maximization of roll and
pitch.
[0072] It has to be noticed that in all the embodiments
of the disclsoure, if the phase shifters (Ψ1 to ΨN) operate
with discrete increments of phase or phase steps, for
technical reasons (Phase shifters implemented as array
of switches and inductances, ferrites or optical delay lines
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for instance), the optimization of the received Rx signal
will be made with discrete values of phase shift, well
known in the art.
[0073] One will therefore determine the sign of the pitch
angle by applying similarly a positive increment in pitch
angle and determining whether the Rx signal increases
or decreases. Then one will determine the sign and am-
plitude of the pitch angle with an increment in pitch angle
that causes the Rx signal to increase up to a value in
pitch angle for which the Rx signal decreases.
[0074] Any other strategy of research of a maximum
of a function of one variable can be used equivalently to
determine, separately and in any order (roll angle first
and pitch angle second or pitch angle first and roll angle
second), the roll angle value and the pitch angle value
for which an absolute maximum of the Rx signal is ob-
tained from the remote station, in this second embodi-
ment.
[0075] To use the first or the second embodiment of
the disclosure, one can proceed as follows:

- detect a misalignment of a phased array antenna (2)
of a transceiver (1), by reference to a nominal direc-
tion of alignment with a remote station with which
the transceiver(1) communicates by microwaves;

- compute, with a software unit (5), phase steps for
phase shifters (Ψ1 to ΨN) applied to the antenna (2),
that would cancel the misalignment, if they were ap-
plied to the antenna (2);

- and apply the computed phase steps, to the phase
shifters (Ψ1 to ΨN), to steer the signal beam of the
phased array antenna (2) on the direction of the re-
mote station.

[0076] Equivalently, in the above method or use, it will
be possible to compute the phase steps that would can-
cel, if changed in sign, the misalignment and apply the
phase steps, changed in sign, to the antenna (2). With
this strategy, it is possible to have in memory of the soft-
ware unit (5), an image of the roll angle and pitch angle
of the antenna (2) and use maximization techniques of
a quality Rx signal to implement this second embodiment.
Alternatively, it is also possible to have in memory of the
software unit (5), the opposite values of the roll angle and
the pitch angle of the transceiver (1) and to apply these
values to the antenna (2) to obtain an alignment with the
remote station.
[0077] The invention is particularly suited for the instal-
lation of transceivers including phased array antennas
on poles or masts and especially outdoor poles as street
lighting poles, which are sensitive to wind pressure, such
pressure inducing, indeed, roll angles and pitch angles
variations of the antenna (2) of the transceiver (1).
[0078] It has to be noticed that the invention, in any
embodiment, can be applied equivalently to compensate
for mechanical vibrations of the support of a phased array

antenna or to compensate for static deformations ( for
instance occurring with time, as creep ) of the support of
a phased array antenna, in a microwave link.

Claims

1. A microwave communication system comprising a
phased array antenna (2), a plurality of phase shift-
ers (Ψ1, ..., ΨN) connected to the phased array an-
tenna and a software unit (5) connected to the phase
shifters, wherein the phased array antenna is con-
figured for emitting a microwave signal beam in a
direction of alignment with a remote station, the sys-
tem comprising first means configured for detecting
a misalignment in the antenna and communicating
information on antenna misalignment to the software
unit, wherein the software unit is configured for com-
puting, using said information on antenna misalign-
ment, phase steps and applying said phase steps to
said phase shifters to compensate for the misalign-
ment.

2. The system of claim 1 wherein said first means to
detect an antenna (2) misalignment comprise a
three-axis accelerometer device (6) configured for
measuring a roll angle and a pitch angle of the
phased array antenna (2)

3. The system of claim 1 wherein said first means to
detect an antenna (2) misalignment is configured for
establishing a data link (9) between a remote station
and the software unit (5), said data link (9) configured
for providing information from the remote station,
representative of the quality of the received signal
at said remote station, to the software unit (5).

4. The system of claim 3 wherein said provided remote
station information includes a level of received sig-
nal.

5. A method for aligning an antenna, comprising the
following steps:

- detecting a misalignment of a phased array
antenna (2) from a direction of alignment;
- computing, using a software unit (5), phase
steps usable for compensating said misalign-
ment; and
- applying the phase steps, to a plurality of the
phase shifters (Ψ1 to ΨN), configured for steer-
ing a signal beam of the phased array antenna
(2) on said direction of alignment.

6. The method of claim 5 further comprising the step
of establishing a data link (9) between a remote sta-
tion and the software unit, said data link providing
information from the remote station, representative
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of the quality of the received signal, to the software
unit.

7. The method of claim 6 wherein said provided remote
station information includes the level of received sig-
nal.
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